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Abstract
Birhane Guesh
Augmenting Pedestrian Navigation Systems With
Context-Aware Display of POIs
Nowadays, pedestrian often relies on automated navigation systems
to find their way in an unfamiliar environment at the expense of increas-
ingly degrading one’s spatial knowledge and surrounding environment
interaction. The reason for this is that because pedestrians are not required
to solve spatial tasks along the route, they just depend on the abilities of
the system, despite the fact that mental maps are built up from observa-
tions gathered during travel and direct interaction with the environment.
This research investigated the augmentation of Google Maps turn-by-turn
(TbT) pedestrian navigation system with context-aware visualization of
the point of interests (POIs) along the path to enhance surrounding envi-
ronment interaction and spatial knowledge of pedestrian. We conducted
an experiment with six participant’s using a prototype application with
and without dynamic visualization of POIs to evaluate its effect on partic-
ipant’s spatial knowledge and interaction with the surrounding environ-
ment. Results suggested that participant’s using a prototype application
augmented with a context-aware display of POIs showed better spatial
iii
knowledge and surrounding environment interaction compared to partic-
ipant’s who use a prototype application without context-aware display of
POIs.
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Introduction
1.1 Theoretical Framework
Spatial knowledge of the environment plays a vital role when people are
dealing with geospatial problems such as the recognition of places, wayfind-
ing, navigation, and orientation in a new environment (Richardson, Mon-
tello, and Hegarty, 1999; Tverksy, 2000; Lynch, 1960). This knowledge of
the environment is composed of several elements: memorizing places in
relation to a reference point, developing a sense of the sequence in which
places occur, and understanding how multiple places relate to each other
in ways that allow navigation in an unfamiliar place (Ishikawa and Mon-
tello, 2006). Spatial knowledge of the environment is acquired from ob-
serving the environment, collecting environmental stories during travel,
direct interaction with the environment and from reading maps (Kuipers,
1978; Nitsche and Thomas, 2003; Willis et al., 2009a) and it is developed
throughout the lifespan of a person. According to a research study con-
ducted in (Mondschein, 2013; Mondschein, Blumenberg, and Taylor, 2010;
Mondschein, Blumenberg, and Taylor, 2008) there are two categories of
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travelers; “cognitively-active” and “cognitively-passive”. People who ac-
tively engage with the surrounding environment by walking, driving and
riding bikes develop strong mental maps of the surrounding environment
being cognitively active travelers. People’s with an ultimate goal of reach-
ing their destination with less or no interest of exploring the surrounding
environment which results in a poor mental map, belong to cognitively
passive travelers. Therefore, the way people interact with the surround-
ing environment shapes their mental map of the environment.
However, the increasing popularity of mobile navigation technology
has transformed the way we get around cities in just a few years. As a re-
sult, almost all pedestrian’s who have smartphone often make use of mo-
bile navigation systems to help them reach their destination in unfamiliar
environments. Hence, pedestrian navigation has become an important re-
search topic aiming to develop optimized wayfinding assistance system
so that humans can find their way in built environments efficiently and
with minimum confusion and disorientation.
Even though navigation assistance services can reduce wayfinders work-
load during navigation task, problem still exists because it has been re-
searched as a cause of poor engagement in the surrounding environment,
degradation of spatial knowledge and poor orientation skills (Parush, Ahu-
via, and Erev, 2007; Giannopoulos, Kiefer, and Raubal, 2015; Watanabe,
Kaji, and Kawaguchi, 2012). A study conducted in (Münzer et al., 2006)
compared mobile navigation device (early version of Google Maps) vs a
paper map on guiding the participants in a zoo. Their results demon-
strated that paper map users scored better on the survey test and almost
perfect on the route test. They argued that pedestrians who use computer
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navigation fail to envision, encode, and memorize the cognitive maps they
otherwise would have. Similarly, a reseach study by (Ishikawa et al., 2008)
confirmed that people using a GPS navigation system took longer routes,
made more stops, walked more slowly, and drew poor map sketches com-
pared to people who used paper maps. Recently researchers have inves-
tigated the negative impact of turn-by-turn navigation assistance on the
pedestrians ability to remember an environment and reconstruct a geo-
graphical route (Anacta et al., 2016; Ishikawa and Takahashi, 2014) . As a
result, many researchers are attempting to address this kind of problem:
by incorporating landmarks in computer generated navigation instruction
(Raubal and Winter, 2002; Waters and Winter, 2012; Watanabe, Kaji, and
Kawaguchi, 2012; Li et al., 2014; Anacta et al., 2016), by designing pedes-
trian navigation assistance that supports spatial learning (Richter, Dara-
Abrams, and Raubal, 2010) , and by involving the user with continuous
position notification (Parush, Ahuvia, and Erev, 2007), and using user’s
gaze in navigation assistance to decide the turning points of the route (Gi-
annopoulos, Kiefer, and Raubal, 2015), and by integrating on the fly pho-
tos of commonly known YAH maps with pedestrian navigation systems
(Schöning et al., 2009).
In a similar way, in this research, we investigated the augmentation
of Google Maps turn-by-turn (TbT) pedestrian navigation with context-
aware display of POIs along the path aiming to improve the surrounding
environment interaction and spatial knowledge of pedestrians who fre-
quently use navigation system. The focus of this research is on Google
Maps turn-by-turn navigation system since it is one of the mainly used
navigation applications on mobile devices and it is easy to customize the
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map and the information to be displayed on the map using Google Maps
JavaScript API. Hence, to achieve this we implemented two suggested so-
lutions from (Delikostidis, 2011) based on their usability study on pedes-
trian navigation systems in our small prototype application. The proto-
type application visualizes POIs based on current location, the relevance
of engagement in the surrounding environment, proximity (distance from
current position) and movement of the user with a dynamic semi-transparent
shadow covering the area where the POIs are selected.
The main condition of augmenting Google maps TbT navigation with
context-aware visualization of POIs is on the premise that user’s spatial
knowledge and interaction with the surrounding environment will be im-
proved. Hence, the hypothesis is that the dynamic visualization of POIs
with semi-transparent shadow invokes the pedestrian for better interac-
tion and engagement with the surrounding environment during the nav-
igational task. The assumption is that any form of user involvement dur-
ing navigation task contributes to their spatial learning process which is
the innate behavior of humans. (Giannopoulos, Kiefer, and Raubal, 2015)
introduced a novel gaze-based approach for pedestrian navigation which
assist pedestrians in a non-distracting way as well as supports the spa-
tial learning process by allowing them to keep their visual attention to the
environment without interruption. The Photomap application by (Schön-
ing et al., 2009) aims to integrate commonly found YAH maps with the
Internet-based maps in order to involve the pedestrians with their sur-
rounding environment and assist them with their ongoing navigation ac-
tivity. YAH maps are the public maps found at universities, small natural
parks that help people to navigate within those locations. The sequence of
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event interaction in real-time 3D games has been studied and defined as
story map of space in a virtual environment which is an important aspect
of a cognitive map of the players (Nitsche and Thomas, 2003).
1.2 Aim and Objective
The ultimate goal of this research is to investigate the influence of Google
maps turn-by-turn ( TbT) navigation systems enhanced with contextual
display of POIs on pedestrian’s spatial knowledge and interaction with
the surrounding environment. To accomplish this main objective, the fol-
lowing smaller objectives has been addressed sequentially.
1. First we investigated and define methods to dynamically display
POIs on the map based on location, proximite (distance) and impor-
tance of engagement in the surrounding.
2. Then the prototype application is implemented using Google Maps
JavaScript API (Google Maps JavaScript API | Google Developers) and
JavaScript programming.
3. Finally we conduct an empirical assessment with six participants to
find out the effect of the prototype application on spatial knowl-
edge and surrounding environment interaction of the participants.
According to our statistical analysis of the collected data through
the tasks and a post-task questionnaire completed by participants;
it has shown a positive contribution of the prototype application
with context-aware visualization of POI towards enhancing the par-
ticipant’s environmental interaction and their spatial knowledge in
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comparison to the prototype application without dynamic visualiza-
tion of POIs.
Generally, the results highlighted the positive outcome of augment-
ing pedestrian navigation with context-aware POIs visualization in
understanding one’s location with reference to the surrounding en-
vironment.
1.3 Thesis Outline
This introductory chapter presents the rationale and main research objec-
tive of the thesis work. Chapter 2 provides an overview of the topics and
concepts related to pedestrian navigation assistance systems. Chapter 3
discusses the methods employed and data used to achieve the stated ob-
jective in chapter 1. Following this Chapter 4 provides the results found
by analyzing the collected data in Chapter 3. Then the interpretation of
the results and limitation that encounter during the course of the thesis
work is presented in Chapter 5. Chapter 6 presents the summarization
and future work of this research.
7Chapter 2
Literature Review
This chapter presents the role of context-awareness, landmarks, and location-
based services on spatial knowledge acquisition and surrounding environ-
ment interaction while using automated navigation systems.The overview
of concepts and findings of the aforementioned topics and their role in au-
tomated navigation systems has been highlighted. By summarizing litera-
ture review of these topics we presented the highlight of their relevance to
improving spatial knowledge and surrounding environment interaction
of pedestrians who often rely on automated navigation systems.
2.1 Context Awareness and Navigation Systems
Despite the fact that several explanations and definitions of the term “con-
text “ by varying the description and the parameters they considered have
been proposed by many researchers in the past, a comprehensive defi-
nition has been provided by (Sarjakoski and Nivala, 2005) . (Sarjakoski
and Nivala, 2005) defined context as follows; “context is any information
that can be used to characterize the situation of an entity and that is rele-
vant to the interaction between a user and an application”. According to
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a study conducted by (Abowd et al., 1999) location, identity, activity and
time have been recognized to be more relevant context types in practice.
Furthermore (Kaltz, Ziegler, and Lohmann, 2005) identified five categories
of context parameters : user&role, process&task, location, time and de-
vice to cover a broad variety of mobile and web scenarios. (Abowd et al.,
1999) also classified the system as being context-aware if it uses context
to provide relevant information and/or services to the user, in which the
importance is dependent on the user’s task. A recent research on context-
aware mobile tourism recommendation system by (Meehan et al., 2013)
has investigated contextual elements ( temperature, weather, time, senti-
ment and user preference) in addition to location to filter content.
In the case of map usage scenarios, the relevant contexts for map us-
age situation has been identified by (Nivala and Sarjakoski, 2003) based
on their field based experimentation. According to their findings the most
important context for mobile map applications are the user, system, phys-
ical, time and history. When a map is used in the field, the surrounding
contexts that are important to define the type of the map the user needs
consists of; location, orientation, time, history, purpose, social-cultural
conditions, environmental configuration, device type and system-user in-
teraction (Sarjakoski and Nivala, 2005). The goal of context-awareness in
mobile cartographic map is to increase the user’s mental, emotional and
social experience with respect the functionality of the navigation system
by considering the relevant contexts to the map usage situation (Delikos-
tidis, 2011).
Therefore, the increasing interest of mobile users towards intelligent
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and easy to use navigation systems has led many researchers to investi-
gate context-awareness in navigation. A recent study by (Pouryegan and
Malek, 2015) claims that the context of use determines the kind of naviga-
tion services that can be provided to specific group of users. They also clas-
sified pedestrian navigation services into five categories: Location Finding
, Optimal Path Finding, Orientation, Positioning and Wayfinding. Based
on their survey and experimentation all present day navigation systems
are one of these types. A new theoretical approach of understanding the
needs of pedestrian in navigation services has been introduced in (Fang,
Li, and Shaw, 2015). In their study, pedestrian needs during navigation
process has been considered as three layers based on Maslow’s theory:
physical sense layer, physiological safety layer, and mental satisfaction
layer.
1. The physical sense layer focuses on visual, auditory, tactile, and ol-
factory senses that pedestrians use to perceive navigation instruc-
tions.
2. The physiological safety layer concentrates on the safety perspec-
tives of persons, routes, and environments in pedestrian navigation.
3. The mental satisfaction layer focuses on the satisfaction of pedestri-
ans in the navigation process in terms of the requirements of comfort,
confidence, and respect.
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2.2 Landmarks and Navigation Systems
Many researchers have investigated the importance of landmarks to en-
hance the geographical spatial knowledge and orientation skills of auto-
mated navigation systems users’. The importance of landmarks as envi-
ronmental features that support orientation, wayfinding, and navigation
in urban areas has been studied by many researchers in the past (Lynch,
1960; Ishikawa and Montello, 2006). The relevance of local landmarks has
been studied (Raubal and Winter, 2002) which suggested measurement
methods to extract salient features of the environment that are helpful in
wayfinding instructions. An algorithm has been developed in (Duckham,
Winter, and Robinson, 2010) which generates route instruction with refer-
ence to local landmarks. A new classification scheme of landmarks based
on human wayfinding instruction to support the formation of cognitive
map in turn-by-turn navigation systems has been introduced (Anacta et
al., 2016). According to this study local landmarks are not only needed to
decide the turning points of the route but also facilities learning of geo-
graphical spatial knowledge along the route. A study conducted in (Wa-
ters and Winter, 2012) suggested that landmarks supported with wayfind-
ing aids could be used as training and engagement role in the surround-
ing environment during navigational tasks. In general, humans can rely
on both global and local landmarks during navigation and for creating
and maintaining spatial mental models of environments (Steck and Mal-
lot, 2000).
Particularly the interest towards selection and presentation methods of
landmarks on mobile navigation assistance services has been increasing
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in the last few year aiming to improve the spatial knowledge and orienta-
tional skills of user. A prototype mobile application that displays distant
landmarks on the edge of mobile devices has been introduced (Li et al.,
2014) and illustrated the presentation of distant landmarks on the edge of
mobile device supports for people with low sense of direction. Moreover a
research study conducted (Delikostidis and Elzakker, 2009) aiming to un-
derstand the interaction between the users of mobile navigations systems,
their cognitive map, reality and mobile map display device suggested that;
landmarks play a vital role to learn the surrounding environment with re-
spect location of the user and for better navigational performance of users.
Hence, it is clear that inclusion of landmarks in route instruction could
increase environmental engagement and thereby spatial knowledge given
the fact that landmarks are noticeable features of an area. Generally, due to
the reason that automated navigation systems hardly support geographi-
cal spatial learning and engagement as introduced in Chapter 1 , provid-
ing mobile navigation system users with cartographic interfaces based on
landmarks has been a promising approach. Therefore the importance of
landmarks in mobile navigation systems and wayfinding has been widely
investigated and agreed upon. Hence, Obtaining a deeper understanding
of the types of landmarks and other structural elements that users refer in
real contexts in order to make spatial decisions and carry out spatial tasks
would further support the development of more usable mobile navigation
systems.
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2.3 Location-based Service and Navigation Sys-
tems
One of the most widely known and researched types of map-based LBS is
route information system that is the central concept of navigation systems
(Gartner, 2004; Richter, Dara-Abrams, and Raubal, 2010). Hence, many re-
searchers have been investigating the effectiveness of various presentation
forms of LBS on mobile devices in terms of their navigation performance
and spatial learning support during navigation. In order to evaluate the
spatial knowledge acquisition using these presentation forms of LBS, par-
ticipants often had to navigate in an unfamiliar environment with the help
of mobile devices with LBS. The spatial knowledge acquired during the
navigation task with the help of LBS is usually measured by image sort-
ing and realization of the environment (real or virtual) they navigated, by
pointing tasks, or by sketch map drawing task, and other relevant tasks. If
the participant’s score is higher on these tasks then, the LBS is considered
as successful assistance systems.
In (Münzer et al., 2006) , participants navigated through a zoo either
using a PDA or printed maps. The PDA had three different modes: 1)
only visual information. When approaching an intersection an animation
showed the relation of the previous, current and next intersection. A line
on the intersection’s photo then indicated the way to take. 2) The same as
1), but with the photo a verbal instruction was given. 3) Only the photo
and verbal instruction. The printed maps only showed part of the envi-
ronment at the same time. Results were that map users acquired much
better route and survey knowledge than the PDA users. The presentation
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mode had no influence on the performance; animations did not help.
In (Parush, Ahuvia, and Erev, 2007) , participants navigated in a multi-
level virtual environment. They had either continuous access to a map
showing their position or could request to see it at all times. In both con-
ditions participants either had to solve location quizzes (indicate current
position on map) or not. Sixteen runs were performed with assistance
(a run being the task to find a specific target from the current start posi-
tion) and a final transition run without any assistance. Excess distance,
the number of map requests, and performance in the quizzes were used
as performance measures. Participants with continuous position indica-
tion performed best with regard to excess distance. However, for those re-
questing a map, excess distance and number of requests decreased with in-
creasing number of runs, indicating that learning took place. The quizzes
had no immediate effect on performance, but again learning took place,
as participants got better in the quizzes with increasing number of runs.
For the transition run, those having had continuous position indication
and no quizzes performed worst, while those requesting maps and hav-
ing quizzes performed best.
These studies illustrated that using mobile navigation systems lead
users to be "mindless" of the surrounding environment. They do not learn
the presented information and the information perceived in the environ-
ment to a sufficient level which results in great difficulties in acquiring
both route and survey knowledge. This is caused by the lack of atten-
tion in the surrounding environment while using automated navigation
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systems, and a solely depending on abilities of the system, which decou-
ples the actions to be performed from their spatial embedding. The ex-
periments in(Parush, Ahuvia, and Erev, 2007) show that involving users
more deeply in the navigation process results in a learning effect. LBS de-
sign should aim for a way of presenting information that is useful in the
given situation and also fosters processing of that information, increasing
users’ confidence of “doing the right thing” and decreasing their depen-
dency on the device (Willis et al., 2009b) . A recent study by (Delikostidis,
Elzakker, and Kraak, 2016), a User Centered Design (UCD) approach was
applied to fully understand the behavior, interaction, and performance
of people during navigation and to extract existing knowledge about hu-
man wayfinding and human ways to communicate routes and navigation
instructions. The result of their requirement engineering process was im-
plemented in the development of a usable pedestrian navigation system
prototype application. They performed an empirical, field-based experi-
mentation of the prototype application to find out the possible usability
problems, to measure the performance of participants and to collect qual-
itative behavioral information. Their findings have shown a significant
improvement of participants in their sense of geo-identification while us-
ing the prototype application based on effectiveness, efficiency, and sat-
isfaction test measurements. Showing local and global landmarks, route
options based on time availability are some of the functionality that pro-
vided in the prototype. Generally, their result illustrated the advantage of
applying User Centered Design (UCD) principles in designing and devel-
oping user oriented pedestrian navigation system.
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Chapter 3
Methods and Data
This chapter provides the details of the methods and data that have been
utilized to achieve the main objective of the research. In the beginning,
we presented the tools, APIs, and software used to implement the proto-
type application. Secondly, we discussed the design and implementation
of the experiment i.e. recruitment process of participants, the set-up and
description of the experiment and the design and execution of tasks. Then
we discussed the process of collecting the data through the task and ques-
tionnaire completed by participants. Finally, we provided the evaluation
methods used in this experiment.
3.1 Prototype Implementation
The prototype application implemented two suggested solutions from a
research study conducted by (Delikostidis, Elzakker, and Kraak, 2016).
The main focus of their work was to improve the usability of pedestrian
navigation systems and to support spatial knowledge learning during nav-
igation task. First, they performed requirement engineering of pedestrian
navigation systems by utilizing the user centered design (UCD) principles
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to develop their prototype application. Following this, they conducted
empirical and field-based experimentation with the prototype application
to find out the possible usability problems, to measure the performance
of participants and to collect qualitative behavioral information. By ana-
lyzing the overall data they have collected they come up with the list of
proposed solutions that are important to consider in the implementation
of usable pedestrian navigation assistance system. Following this, we im-
plemented two of these proposed solutions in our prototype application.
According to the first suggested solution, we introduced a semi-transparent
shadow on the map to make the filter of POIs behind the user more obvi-
ous. The shadow covers the area where the POIs are selected as shown
in (Figure 3.1, 3.3 and 3.4) and it is a 100-meter radius (distance) from the
current position of the user. The semi-transparent shadow refreshes every
20-meters as the pedestrian navigates through the virtual environment.
Both distance values are not empirically supported, it is the assumption
made by the author that notifying POIs every 20 meters can engage the
pedestrian in the surrounding environment. The POIs are selected within
100-meter radius (distance) from a current position of the user is also as-
sumed to engage the pedestrian in the surrounding environment. Fur-
thermore, a recent research by (Ranasinghe and Kray, 2016) investigated
user’s perception of their location and visualization preference with mul-
tiple options for presenting location uncertainty on mobile devices. They
found out that presentation formats have indeed an influence on the per-
ception of location information. According to their result, the circle was
the preferred shape of showing location information.
The second suggestion was to use a richer database of landmarks (
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FIGURE 3.1: Dynamic visualization of Point of Interest .
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POIs in our case) from which a larger number of local landmarks ( POIs)
should be presented to the user, automatically selected based on his cur-
rent location. To achieve this firstly we hide all the business points of inter-
est (POIs) and public transit icons on the map using Google Maps styling
(Google Maps JavaScript API | Google Developers). Then using Google places
API we implemented the dynamic display of top five nearby places (see
Figure 3.1 ). The points of interest (POIs) are selected based on the proxim-
ity (distance) from the current location of the user, the importance of en-
gagement in the surrounding environment. The importance of POIs to en-
gage in the surrounding environment is mainly focusing on POIs that have
been studied to have a significant role in the spatial knowledge learning of
the user during navigation task (Delikostidis, Elzakker, and Kraak, 2016).
According to this study 30 types of POIs and/or landmarks has been in-
vestigated that are important to support and facilitate the spatial knowl-
edge acquisition and surrounding environment interaction of pedestrians
who depend on navigation assistance systems. Moreover, similar stud-
ies have been done on the importance of landmarks in engaging travelers
(Watanabe, Kaji, and Kawaguchi, 2012; Anacta et al., 2016) . Following
these studies we used the following types of POIs based on Google places
API for the dynamic visualization along the route; Academic/Library,
Bank, Bridge (pedestrian), Bridge (vehicle), Bridge (mixed), City Center,
Church , Commercial/office building , Fast food , Governmental office,
Historical , Hotel, Medical building , Museum, Noticeable monument ,
Park ,Pedestrian crossing , Railroads , Restaurant , River/canal , Round-
about , Sports , Square , Station (bus) , Station (Metro) , Station (train) ,
Stop (bus), Stop (Metro), Stop (train), Residential.
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FIGURE 3.2: The laptop screen divided in two equal parts (
map part and virtual environment) map shown on the left
part of the screen and virtual reality on the right part of the
screen.
3.1.1 Virtual Environment
We used Google Maps Street View images as a virtual environment for the
lab-based navigation task. To accomplish this, first we divided the laptop
screen in two parts as shown (Figure 3.2), the right portion displaying the
map pinpointing the location of the user and the right half displaying the
street view based on current position and orientation of the user on the
map. The limitation of using Street View as virtual reality is that it was
difficult to keeping track of participants exact footstep as they navigate on
the virtual realty using the computer mouse and guide arrow of the virtual
reality.
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3.2 Experiment
3.2.1 Participants
The total number of participant’s in our experiment were six. The partici-
pants were from a different culture ( e.g Africa, Europe, and South Amer-
ica) and have different professional backgrounds (e.g student, teacher and
supermarket worker). They were divided into two groups as explained
later. The participants of the prototype application with context-aware vi-
sualization of POIs (3 male), two of them belong to the age group (25-30)
and the third one were (31-40). The participants of the prototype applica-
tion without context-aware display of POIs were ( 3 male), and all of them
belong to the age group (25-30).
3.2.2 Experiment Design
The implementation described in the previous section was utilized to eval-
uate the effect of augmenting the turn-by-turn Google Maps navigation
system with dynamic display of POIs and semi-transparent shadow as it
is described in the previous section. We focused on Google Maps turn-by-
turn navigation system since it is one of the mainly used navigation appli-
cation on mobile devices for pedestrian and the simplicity of using Google
Maps JavaScript API to customize the map and the information displayed
on map. We have configured the prototype application for two different
experimental conditions; the prototype application with dynamic visual-
ization of POIs along the route being one condition as shown in (Figure 3.3
and 3.4 ). The second condition is the prototype application without dy-
namic visualization of POIs (see Figure 3.5 and 3.6 ). A between-subjects
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FIGURE 3.3: Screenshot of the place where participants of
the context-aware visualization of POIs estimated the dis-
tance and direction to two different POIs.
design similar to a research study by (Giannopoulos, Kiefer, and Raubal,
2015) was utilized to evaluate the two conditions of the experiment. Each
participant from both groups had to estimate distance and direction to
two different POIs from the same location on the map and had to navigate
through the same route in the same virtual environment once depending
on the experimental condition he/she belong ( see Figure 3.4 or 3.6). In
both conditions, participants had to navigate using the guide arrow of the
street view image presented on the right part of the computer screen. The
path to follow was highlighted in blue color on the map on the left por-
tion of the screen (Figure 3.4 and 3.6) in both experimental conditions. The
pegman marker is used as an indicator of the current location of the user
on the map and the street view virtual reality based on orientation and
position of the pegman is displayed on right part of the screen. The route
was selected with considerable turning points, having a different number
of connections (see Figure 3.4 and 3.6) with the intention to investigate the
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FIGURE 3.4: A route with Context-aware visualization of
POIs.
effect of decision points with varying structure and complexity. Since the
tested route covered different levels of complexity concerning the turn-
ing points as well as navigation directions towards all cardinal directions,
there was no need to perform the experiment using a second route.
3.2.3 Experiment Description
Every experimental condition has four steps. In the first step, the test per-
sons were required to provide their demographic information, their ex-
perience level with GPS systems, digital maps and Google Maps mobile
navigation systems as well as to fill in a 5-point likert-type scale question-
naire for the self-estimation of their spatial abilities (Appendix A). The ex-
perimenter divided the participants into two groups (i.e participants with
strong spatial abilities and participants with less strong spatial abilities)
based on their self-reported data. In the second step, the experimenter
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FIGURE 3.5: Screenshot of the place where participants with-
out context-aware visualization of POIs estimated the dis-
tance and direction to two different POIs.
FIGURE 3.6: A route without Context-aware visualization of
POIs.
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presented a short description regarding the interaction controls of the pro-
totype application, the virtual environment and the tasks (different to the
one used in the next step) to each participant depending on the experiment
condition they belong to.
The third step the participants were asked to complete two tasks, the
first task was to estimate distance and direction to two different POI (to
the nearest bus stop and a nearest POI other than bus stop ) from the same
location for each participant. Following this each participant navigated a
route in the same virtual environment. The participants were informed
to use the mouse and the guide arrow control to navigate through the
environment ( see Figure 3.7 ), to the target destination.
In the fourth step of the experiment, immediately after completing the
navigation task, a set of 13 screenshot images (8 correct) were given to the
participants. These screenshots were taken at different points along the
route they navigated in the virtual environment. Their task was to choose
the screenshot they thought to remember crossing during navigation. Fi-
nally, participants were asked to fill the post-task questionnaire to evaluate
the prototype application and experiment condition they used to complete
the task.
3.2.4 Evaluation Method
The experiment was designed to evaluate the impact of the prototype ap-
plication on participants spatial knowledge and surrounding environment
interaction improvement based on the following two aspects.
1. Initial Geo-identification - Participant’s performance in directional and
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FIGURE 3.7: Participant navigating in the virtual environ-
ment (The participant granted us his written permission to
appear in our work).
Chapter 3. Methods and Data 26
distance estimation to near POIs is used to assess the ability of un-
derstanding one’s location with reference to the surroundings.
2. Local Spatial Learning - Participant’s performance of recognizing the
correct screenshot image along the route they navigated and the post-
task survey related to this task is used to assess the spatial knowl-
edge acquisition during the experiment in the virtual environment.
3.3 Data Collection
The data was collected from the tasks completed by participants, and us-
ing the questionnaires completed by the participants. During the tasks the
researcher was recording the estimated distance and direction and cor-
rect and wrong seen recognition made by the participants. The pre-task
questionnaire completed by each participant has two sections ( Appendix
A). In the first section the participants had to fill their personal informa-
tion. The second part was a 5-point scale to collect self-report data on
participants experience with GPS systems and digital maps, with Google
maps mobile application, and participants sense of direction spatial abili-
ties (Appendix A). Sense of direction spatial abilities was measured using
the Santa Barbara Sense of Direction Scale, a self-estimation of spatial abil-
ities which provides a reliable, quantified assessment of spatial abilities by
correlating with locating oneself in an environment and maintaining ori-
entation during movement through an area (Hegarty et al., 2002). The spa-
tial abilities survey were adapted to a 5-point liket-type scale and consists
of 12 questions. When a participant’s answers are summed and averaged,
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the resulting number between 1 and 5 is considered his or her spatial abil-
ity score. The post-task questionnaire was a 5-point liket-type scale and it
was mainly used used to collect information on participants evaluations of
the prototype application and experiment condition they used to complete
the task (Appendix B).
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Chapter 4
Results
This chapter presents the outcome of the research by analyzing all the
collected data from chapter 3. Firstly the summary of participants self-
assessment data from pre-task questionnaire has been presented. Follow-
ing this, we provided the detailed analysis of the data collected using the
task and post-task survey completed by participants. These analyses were
mainly used to evaluate participants spatial knowledge acquisition along
the route and their ability to understand the surrounding environment
with reference their location.
4.1 Self Assessment Data Analysis
The summary of participant’s self-assessment report of their environmen-
tal spatial ability, experience with GPS systems, digital maps, and Google
Maps mobile application based on their self-assessment report data using
pre-task questionnaire ( Appendix A) is presented in Table 4.1.
Participant’s environmental spatial ability showed a normal distribu-
tion, with the mean and the median (3.6) approximately the same. We
used the mean ( M=3.6 ) to classify participants in two even groups; The
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TABLE 4.1: Descriptive statistics of all participant’s self-
assessed data ( N=6 ).
Participants Spatial Ability (1=poor, 5=Excellent ) Participants experience
Mean: 3.61 Mean: 4.17
Min/Max: 3.08/4.17 Min/Max: 1.67/ 5
SD: 0.45 SD: 1.16
participating whose SBSOD score is above (3.6) group and below (3.6)
group. Those who possess better spatial abilities had SBSOD score of (
mean M=4.0 SD = 0.17 ) and those with less spatial abilities had SBSOD
score of ( mean M=3.22 SD = 0.18 ) based on participants self-assessment
report data.
Almost all of the participants assessed themselves having greater ex-
perience of with GPS systems, digital maps and Google maps mobile ap-
plication except one of the participants has mean value of (1.67) which is
below the moderate value. We also examined the differences between par-
ticipants environmental spatial abilities and their experience of using GPS
system, digital map and Google maps using ANOVA to check if there is
significant difference. The F ratio (0.37) was much smaller than the F crit-
ical (4.6), hence experience of participants with GPS system, digital maps
and Google maps is not related to their environmental spatial abilities.
4.2 Initial Geo-identification
The data collected from participants performance on direction and dis-
tance estimation task and a post-task questionnaire related to this task
were used to evaluate participants level of understanding their location
with reference to the surroundings in the virtual environment. Estimation
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FIGURE 4.1: Average distance estimation error made by par-
ticipants .
of direction and distance to two different POIs was done by comparing,
combining and linking information provided from the prototype applica-
tion.
Participants with less spatial abilities (SBSOD < 3.6) have shown bet-
ter performance in distance estimation by using the prototype applica-
tion application with dynamic visualization of POIs and semi-transparent
shadowing around current location (Mean Distance Error MDE = 10.17,
SD= 10.46) than participants possessing strong SBSOD using the prototype
application without dynamic visualization of POIs and semi-transparent
shadow ( Mean Distance Error MDE = 16.17, SD =13.01) as shown in Fig-
ure 4.1.
Similarly, the directional estimation ( Figure 4.2 ) illustrated better per-
formance (Mean of Directional Accuracy MDA = 0.83, SD = 0.26) using the
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FIGURE 4.2: Average directional estimation accuracy made
by participants .
prototype application with dynamic display of POIs and semi-transparent
shadow than the participants using the second experiment condition (
Mean of directional accuracy MDA = 0.58, SD=0.49). When all the direc-
tion estimation made by participants is correct then the mean directional
accuracy = 1.
Furthermore, the post-task questionnaire asking the participant to rate
“ The difficulty of [estimating direction and distance , navigation] using
the prototype application ” (see Appendix A) has revealed that the proto-
type application with dynamic visualization of POIs was better (M = 3.10)
for navigational task and estimation of distance and direction than the
prototype application without dynamic visualization of POIs (M =2.70).
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FIGURE 4.3: Participants correct scene selection and how
well they remember the route they navigated.
4.3 Local Spatial Learning
To evaluate participants spatial knowledge of the surrounding environ-
ment along the route participants navigated in the virtual environment
the screenshot image recognition task and the post-task survey related to
this task has been analyzed. The analysis of the spatial learning task per-
formed by participants revealed a significant difference between the two
experimental test conditions in seen recognition task along the path (see
Figure 4.3). Participants with low SBSOD (<3.6) was assigned to use the
prototype application with dynamic visualization of POIs and they had a
mean of 7.0 correct selections of screenshot images (min =4, max = 8, SD =
1.85 ). Participants using the prototype application with less context had
a mean of 3.67 correct selections (min = 3, max = 5, SD = 2.073) (see Figure
4.3).
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In Addition, the participants have been asked to rate how well they
remember the route they navigated during the task in both experimen-
tal conditions. The context imposed map users demonstrated slight dif-
ference at learning the route navigated (mean = 2.33 SD = 1.53) than the
normal map users ( mean = 2.0 SD= 1.73) ( see Figure 4.3 ).
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Chapter 5
Discussion
In accordance with the main objective of this research, the statistical anal-
ysis of the collected data highlighted a positive contribution of the proto-
type application with dynamic visualization of POI and semi-transparent
shadow to improve environmental spatial knowledge in comparison to
the prototype application without dynamic visualization of POIs and semi-
transparent. Since the dynamic visualization of POIs always stays on the
map along the route which invokes the user’s attention, users of this ex-
periment condition have acquired better local spatial knowledge (screen-
shot recognition along the path) about the virtual environment than users
who used the prototype application without dynamic visualization of POIs.
Hence, it is clear that participants with low SBSOD benefited the most
from the prototype application with context-aware visualization of POIs
according to the results found. Furthermore, the participants have been in-
formed regarding the distance (100-meter radius) of the semi-transparent
shadow from the current position indicator on the map so they have shown
better distance estimation to near POIs. In other words, participant’s knowl-
edge of the semi-transparent shadow distance ( 100-meter radius ) helped
them to have better distance estimation to the POIs. A recent research
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conducted by (Ranasinghe and Kray, 2016) investigated multiple options
of visualizing location information on mobile devices. According to their
result, the circle was the most preferred visualization option by users. Re-
garding directional estimation, there were not particular feature from the
prototype application with context-aware visualization of POIs that was
supposed to help them orient on the virtual environment. However, the
participants were informed about the standard integrated compass indica-
tor of the virtual reality. As a result, they have shown better performance
in the direction estimation task.
The direction and distance estimation task have been used in previous
researches (Willis et al., 2009b; Li et al., 2014; Giannopoulos, Kiefer, and
Raubal, 2015; Delikostidis, 2011) to evaluate participants performance of
understanding their surrounding environment while using different LBS
on mobile devices. In these studies the distance estimation was mainly
on real environment, in our case, the estimation task was done in the vir-
tual reality. We are aware of the research conducted in (Daum and Hecht,
2009) which indicated that people underestimate distance in virtual en-
vironments in comparison to the real world, where they are reasonably
accurate. On the other hand, a study conducted in (Ziemer et al., 2009;
“The perception of egocentric distances in Virtual Environments”) found
no significant difference between the participants’ distance estimation per-
formance in virtual reality and real environment. Based their result study
they suggested that the experience and the feeling of being there in ei-
ther real or virtual environment plays an important role in distance esti-
mation. Research conducted in (Giannopoulos, Kiefer, and Raubal, 2015)
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mainly used printed out egocentric images to assess participants local spa-
tial knowledge in the virtual environment they navigated and (Li et al.,
2014) focused on landmark recall task along the route participants nav-
igated to evaluate spatial learning using the designed mobile prototype
application. Similar to these studies, the results found in this research
using the tasks and post-task questionnaires are used to evaluate partici-
pants spatial knowledge and environmental interaction in the virtual en-
vironment.
The results from the tasks and post-task surveys illustrated that par-
ticipants who use the prototype application (with more context) have ac-
quired some spatial knowledge and better surrounding environment in-
teraction. Nevertheless, it should be noted that participant’s impressions
of what features or characteristics they attended to during the experiment
in virtual reality may not be accurate with respect to actual cognitive pro-
cesses in real environment. Moreover, the total number of participants
were small and gender biased since there were not female participants.
Hence the result is useful as an initial insight towards investigating the
important context information of pedestrians that should be considered
for developing pedestrian navigation systems that can help pedestrians
to have a better understanding of their surrounding environment during
navigation task.
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Chapter 6
Conclusion
In this research, the augmentation of pedestrian navigation systems with
context-aware visualization of POIs has been investigated to support pedes-
trians interaction in the surrounding environment and spatial learning
process along the path. In the first step, we implemented a prototype that
displays POIs based on the following context of the user; current posi-
tion of the user, the relevance of POIs to engage in the surrounding en-
vironment, proximity (distance from current position), and movement of
the user with dynamic semi-transparent shadow covering the area where
the POIs are selected. Based on our empirical experiment in a virtual
environment, we found the positive effect of the prototype application
with context-aware visualization of POIs on supporting person’s interac-
tion with the surrounding environment and spatial learning while using
pedestrian navigation system.
However, the prototype application holds many limitations that need
further work in the future. The first limitation is that the contexts ap-
plied to filter and contextually visualize POIs require very careful work in
the future. This includes the investigation of additional contexts such as
visibility of POIs, user preference, and user sentimental information that
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is important to dynamically filter and visualize POIs during navigation.
Splitting the computer screen into two parts is not also based on any pre-
vious studies. Therefore, the effect of showing the virtual reality and the
map side by side on the same computer screen requires further investiga-
tion. The area coverage of the semi-transparent shadow is not empirically
supported hence further case study is required to investigate more appro-
priate area coverage around the current position of the user. Moreover,
the automatic visualization of POI every 20 meter is not also based on
case study, therefore the movement of pedestrians can be evaluated based
on empirical studies.
The second biggest limitation of the experiment is the validity of lab-
based experiments. It is very difficult to control every single different
variable in virtual environments setting that might affect the results in
a real environment since all the contextual factors of real environments
cannot be represented in virtual environments (Giannopoulos, Kiefer, and
Raubal, 2015). On the other hand, a research study conducted by (Parush,
Ahuvia, and Erev, 2007; Delikostidis et al., 2015) suggested that such lab
study can also be carried out in the real world, in comparison with a vir-
tual environment, to further verify the findings and theoretical implica-
tions of the study. Another issue that is worth mentioning in this lab ex-
periment is that participants were supposed to navigate in an unnatural
way, which is using a computer mouse (hand control) and guide arrow
in the virtual reality. The reason we utilized a lab-based study is due to
the limitations of the prototype application, as we mentioned earlier the
application is not full fledged. Besides the sample size ( 3 volunteer partic-
ipants for each group ) was very small to draw a firm conclusion based on
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the inferential statistics hence recruiting participants with an incentive is
recommended for future work. Both experimental conditions were tested
in the same virtual environment, therefore all these limitations apply to
both conditions. Therefore, in our future work, we plan to develop mo-
bile application addressing all the aforementioned limitations to conduct
a comparative study in a real environment to reveal the potential of the
prototype application with context-aware visualization of POIs along the
route.
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Appendix A
Pre-task Questionnaire
Dear volunteer participant,
My name is Birhane Guesh and I am currently doing my Master thesis
at Universitat Jaume I. My research topic aims to improve the surrounding
environment interaction and spatial knowledge of pedestrians who rely
on navigation assistance services.
I will conduct an experiment from 19, Monday to 22, Friday with the
prototype navigation system at Espitec, the 5th floor which will take a
maximum of 15 minutes each person, so I am kindly asking you to email
me your convenient time.
I am kindly asking for your kind contribution by filling this question-
naire which will provide me with valuable feedback to setup my experi-
ment.
Please click the link to fill the questionnaire.
https://goo.gl/forms/iN55FjdeuxVXBGBo2
With best regards,
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This questionnaire has two sections, the first part is about your personal in-
formation. The second part consists of several statements about your spatial and
navigational abilities, preferences, and experiences. After each statement, you
should mark on the radio button to indicate your level of agreement with the
statement. The scale of rating is defined as 1= Poor , 2=Fair , 3=Good, 4=Very
good , 5=Excellent.
All the information provided in this questionnaire will be strictly kept private and
any reference to the participants will be done later using codes (P1, P2, P3...) and
not their real names.
1. Please write your full name ?
...............................................................................................................
2. Please indicate your gender?
O Male O Female
3. Please select the age group you fit in?
O 18-24 O 25-30 O 31-40 O 41-50 O 51-60
4. Where are you from?
...............................................................................................................
5. What is your profession/studies :
...............................................................................................................
6. How long have you stayed in Castellon ?
...............................................................................................................
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Remember the scale of rating is interpreted as follows: 1= Poor , 2=Fair ,
3=Good, 4=Very good , 5=Excellent.
1. Please rate your experience of using GPS systems.
O 1 O 2 O 3 O 4 O 5
2. Please rate your experience of using digital maps.
O 1 O 2 O 3 O 4 O 5
3. Please rate your experience of using Google Maps mobile applica-
tion?
O 1 O 2 O 3 O 4 O 5
4. Please rate your ability of giving directions.
O 1 O 2 O 3 O 4 O 5
5. Please rate your ability of judging distance.
O 1 O 2 O 3 O 4 O 5
6. Please rate your ability to memorize places that you visited recently.
O 1 O 2 O 3 O 4 O 5
7. Please rate your "sense of direction" skill.
O 1 O 2 O 3 O 4 O 5
8. Please rate your ability of judging your environment in terms of car-
dinal directions (N, S, E, W).
O 1 O 2 O 3 O 4 O 5
9. Please rate your ability to orient and navigate in a place that you
visited for the first time.
O 1 O 2 O 3 O 4 O 5
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10. Please rate your level of enjoyment while reading maps.
O 1 O 2 O 3 O 4 O 5
11. Please rate your ability of understanding directions.
O 1 O 2 O 3 O 4 O 5
12. Please rate your ability of reading maps.
O 1 O 2 O 3 O 4 O 5
13. Please rate your level of enjoyment while giving directions.
O 1 O 2 O 3 O 4 O 5
14. Please rate your ability to remember a new route after you have trav-
eled it only once.
O 1 O 2 O 3 O 4 O 5
15. Please rate your "mental map" knowledge of your environment.
O 1 O 2 O 3 O 4 O 5
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Appendix B
Post-task Questionnaire
Please complete the the follow questionnaire. if there is any ambiguity you can
ask to the author.
1. Please rate the difficulty of using the computer for this activity.
O 1 (very difficult) O 2 O 3 O 4 O 5 (not at all
difficult )
2. Please rate the difficulty of estimating direction on the map.
O 1 (very difficult) O 2 O 3 O 4 O 5 (not at all
difficult )
3. Please rate the ease of use of using this map to navigate.
O 1 (very easy) O 2 O 3 O 4 O 5 (not at all easy)
4. Please rate the difficulty of orienting in terms of cardinal directions
(N, S, E, W) with the application.
O 1 (very difficult) O 2 O 3 O 4 O 5 (not at all
difficult )
5. How familiar are you with the route that you navigated using the
application?
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O 1 (very familiar) O 2 O 3 O 4 O 5 (not at all
familiar)
6. Please rate the ease of understanding directions on the application.
O 1 (very easy) O 2 O 3 O 4 O 5 (not at all easy)
7. What characteristics of the application did you find most helpful for
identifying features?
...............................................................................................................
8. What characteristics of the application did you find most useful for
orienting your self ?
...............................................................................................................
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